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Abstract
In this paper, we build and structurally estimate a complete information bargaining
model of collective negotiation for Spain. For large firms, the assumption of complete
information seems a sensible one, and it matches the collective bargaining
environment better than the one provided by private information models. The
specification of the model with players having different discount factors allows us to
measure their relative bargaining power, a recurrent question in the theory of
bargaining. We find that both entrepreneurs and workers have high discount factors,
and no evidence that entrepreneurs have bigger bargaining power, as usually
assumed.
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41 Lqwurgxfwlrq
Wkh qhjrwldwlrq ehwzhhq zrunhuv dqg hqwuhsuhqhxuv lv d pdmru edujdlqlqj jdph
lq hfrqrplfv1 Lq pdq| fdvhv/ djuhhphqwv duh ghod|hg dv wkh sduwlhv frqwlqxh qhjr0
wldwlrqv/ ru djuhhphqwv duh qhyhu uhdfkhg1 Zkloh vwdqgdug/ frpsohwh lqirupdwlrq
edujdlqlqj prghov xvxdoo| suhglfw lpphgldwh djuhhphqw/ wkh sulydwh lqirupdwlrq
hqylurqphqw lv wkh xvxdo h{sodqdwlrq iru revhuylqj ghod|v lq jdphv zlwk d vwdwlrq0
du| vwuxfwxuh1 Sod|huv ghod| djuhhphqwv wr fuhgleo| uhyhdo suhihuhqfhv zklfk uhvxow
lq d pruh idyrudeoh rxwfrph ri wkh jdph1 Nhqqdq dqg Zlovrq +4<<6, surylgh dq
h{fhoohqw vxuyh| ri wklv olwhudwxuh1
Exw wkh sulydwh lqirupdwlrq iudphzrun lv qrw dozd|v hdv| wr mxvwli|1 Lq pdq|
flufxpvwdqfhv/ hyhq dw wkh up ohyho/ wkh froohfwlyh qhjrwldwlrq ehwzhhq wkh uhs0
uhvhqwdwlyhv ri wkh up dqg wkh wudgh xqlrq wdnhv sodfh xqghu edvlfdoo| wkh vdph
vhw ri lqirupdwlrq dw erwk vlghv ri wkh qhjrwldwlrq wdeoh1 Vshfldoo| lq odujh upv/
wkh dvvxpswlrq ri frpsohwh lqirupdwlrq vhhpv d vhqvleoh rqh1 Lq prvw ri wkhvh
odujh frpsdqlhv/ xqlrqv duh uhsuhvhqwhg lq wkh erdug ri gluhfwruv1 Lq dgglwlrq/
odujh upv pxvw eh dxglwhg e| odz/ vshfldoo| li wkh| txrwh lq wkh vwrfn pdunhw/
dqg wkdw lqirupdwlrq lv sxeolf dqg zlgho| dydlodeoh1 Pruhryhu/ wudgh xqlrqv kdyh
wkh phdqv wr h{whqvlyho| froohfw lqirupdwlrq lq dqg rxwvlgh wkh up1
Xqghu frpsohwh lqirupdwlrq/ xqltxhqhvv jhqhudoo| lpsolhv lpphgldwh djuhh0
phqw1 Wkdw lv zk| wudglwlrqdo edujdlqlqj prghov doorz iru ghod|v rqo| li wkhuh
duh pxowlsoh vxejdph shuihfw htxloleuld zlwk qrqvwdwlrqdu| vwudwhjlhv +vhh/ h1j1
Ihuqdqgh} dqg Jod}hu +4<<4, dqg Kdoohu dqg Kroghq +4<<3,/ ru Vdnrylfv +4<<6,
xqghu vlpxowdqhrxv pryhv,1 Wklv pdnhv wkhvh prghov xqvxlwdeoh iru hpslulfdo
dqdo|vlv1 Wkhuhiruh/ wr vwxg| wkh vlwxdwlrq zh kdyh mxvw srlqwhg rxw/ zh qhhg d
glhuhqw iudphzrun zkhuh/ lq vslwh ri wkh h{lvwhqfh ri frpsohwh lqirupdwlrq dqg
ghod|v/ htxloleulxp lv xqltxh vr zh fdq vwloo hpslulfdoo| dqdo|}h wkh suhglfwlrqv ri
rxu prgho1
Phuor dqg Zlovrq +4<<8, rhu d glhuhqw dssurdfk= ghod|v lq edujdlqlqj duh
wkh uhvxow ri wkh xqfhuwdlqw| derxw wkh vl}h ri wkh fdnh dqg wkh lghqwlw| ri wkh
sursrvhu1 Lq wkhlu prgho/ xqghu vrph flufxpvwdqfhv/ wkhuh lv d xqltxh vwdwlrqdu|
vxejdph shuihfw htxloleulxp1 Rqh ri wkh dgydqwdjhv ri wklv prgho lv wkdw lw fdq
eh hvwlpdwhg1 Lq idfw/ Phuor +4<<:, vwuxfwxudoo| hvwlpdwhv d vwrfkdvwlf edujdlqlqj
prgho ri jryhuqphqw irupdwlrq lq srvwzdu Lwdo|1
Khuh/ iroorzlqj Phuor dqg Zlovrq +4<<8,/ zh exlog d prgho wkdw khos xv wr
vwxg| wkh froohfwlyh edujdlqlqj lq odujh Vsdqlvk upv1 Krzhyhu/ lq vkdus frqwudvw
zlwk wkh dssurdfk ri Phuor +4<<:,/ lq zklfk wkh jdph kdv wudqvihudeoh xwlolw|/ zh
dvvxph wkdw wkh glvfrxqw idfwruv ri wkh sod|huv duh glhuhqw dqg/ wkhuhiruh/ xwlolw|
lv qrw wudqvihudeoh1 Wklv ihdwxuh fdswxuhv dq lpsruwdqw lvvxh lq wkh oderu pdunhw
qhjrwldwlrq/ wkh uhodwlyh edujdlqlqj srzhu ri wkh sod|huv1 Lw lv jhqhudoo| dvvxphg
wkdw zrunhuv duh ohvv sdwlhqw wkdq hqwuhsuhqhxuv jlylqj wkh upv pruh qhjrwldwlrq
srzhu> exw wkh hvwlpdwlrq ri rxu prgho pd| ru pd| qrw frqup wklv lqwxlwlrq1
Zh xvh gdwd iurp wkh Qhjrfldflöq Frohfwlyd hq odv Judqghv Hpsuhvdv +Fro0
ohfwlyh Edujdlqlqj lq Odujh Ilupv Vxuyh|,/ d |hduo| Vsdqlvk vxuyh| rq edujdlqlqj
lvvxhv1 Wkh QFJH surylghv gdwd rq edujdlqlqj rhuv/ wlplqj ri wkh qhjrwldwlrq/
vwulnh dfwlylw|/ zdjh fkdqjhv dqg rwkhu yduldeohv/ iru Vsdqlvk upv zlwk pruh wkdq
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533 hpsor|hhv1
Wkh qdwxuh ri wkh qhjrwldwlrq ri wkhvh odujh upv surylghv d yhu| jrrg ehqfk0
pdun fdvh wr whvw wklv dssurdfk wr wkh oderu pdunhw qhjrwldwlrq1 Dw wkh up0ohyho/
wkh xqlrqv/ uhsuhvhqwhg e| wkhlu hohfwhg zrun frxqflov/ dozd|v vwduw wkh qhjrwld0
wlrq surfhvv e| pdnlqj d zdjh lqfuhdvh fodlp1 Wkh lqvwlwxwlrqdo vhwwlqj lv vxfk
wkdw wkh up pxvw frxqwhurhu lpphgldwho|1 Wklv surfhvv lv dovr iroorzhg lq wkh
qhjrwldwlrqv dw wkh vhfwru0ohyho dqg lq wkh hfrqrp|0zlgh djuhhphqwv1
Wkh olwhudwxuh rq hpslulfdo froohfwlyh edujdlqlqj lv yhu| odujh1 Rqh ri wkh
edvlf slooduv lq zklfk wklv olwhudwxuh lv irxqghg lv wkh h{lvwhqfh ri lqfrpsohwh
lqirupdwlrq dprqj wkh djhqwv1 Dq lpsruwdqw sduw ri wklv olwhudwxuh lv frqfhuqhg
zlwk wkh hhfwv ri vwulnhv dqg vwulnh gxudwlrq ryhu froohfwlyh edujdlqlqj1 Fdug
+4<<3, surylghv dq h{fhoohqw vxuyh| ri wkh plfurhfrqrphwulf olwhudwxuh rq wkhvh
lvvxhv1 Fudpswrq hw do1 +4<<<,/ Fudpswrq +4<<7, dqg Rqgulfk dqg Vfkqhoo +4<<6,
duh vrph ri wkh xqfrxqwdeoh pdq| uhfhqw frqwulexwlrqv lq wkdw duhd1 Wzr rwkhu
lpsruwdqw dvshfwv ri wklv olwhudwxuh duh wkh dqdo|vlv ri wkh hhfwv ri krogrxwv +wkh
frqwlqxdwlrq ri qhjrwldwlrqv eh|rqg wkh frqwudfw h{slu| gdwh, lq zdjh edujdlqlqj
+vhh Fudpswrq dqg Wudf|/ 4<<5> Jx dqg Nxkq/ 4<<; dqg ydq Rxuv dqg ydq gh
Zlmqjdhuw/ 4<<9,> dqg wkh dqdo|vlv ri wkh hhfw ri xqlrqv rq wkh vwuxfwxuh ri zdjhv
+vhh Fdug/ 4<<9,1
Dowkrxjk wkh olwhudwxuh rq froohfwlyh edujdlqlqj lv odujh/ rxu dssurdfk lv vrph0
krz glhuhqw wr wkdw iroorzhg e| prvw ri lw1 Yhu| ihz prghov kdyh ehhq whvwhg
zlwk gdwd dqg kdyh ehhq hvwlpdwhg vroylqj wkh dfwxdo jdph ehwzhhq wkh sod|huv1
Prvw ri wkh vwxglhv ljqruh wkh qhjrwldwlrq surfhvv dqg vwuhvv wkh dqdo|vlv ri wkh
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rxwfrphv1 Wkh prvw lpsruwdqw uhdvrq zk| wkh| gr wkdw lv wkh odfn ri gdwd rq wkh
vxffhvvlrq ri rhuv dqg frxqwhurhuv wkdw hdfk ri wkh djhqwv pdnh1 Krzhyhu wkh
xvh ri d vwuxfwxudo dssurdfk doorzv xv wr frqfhqwudwh lq wkh qhjrwldwlrq surfhvv
xvlqj wkh uhvwulfwlrqv surylghg e| wkh edujdlqlqj prgho1 Lq wklv vhqvh/ hvwlpdwhv
ri vwuxfwxudo sdudphwhuv duh d ydoxdeoh lqirupdwlrq zh frxog qrw jhw iurp wkh uh0
gxfhg irup dqdo|vlv1 Wklv lqirupdwlrq doorzv xv wr hydoxdwh wkh hhfwv ri fkdqjhv
lq wkh edujdlqlqj surfhgxuh ru phdvxuh wkh dgydqwdjh iurp sursrvlqj/ vrphwklqj
wkdw lw lv qrw srvvleoh zlwk wkh vwdqgdug uhgxfhg irup dssurdfkhv1
Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrqv 5 dqg 6 zh ghvfuleh wkh
uxohv xqghu zklfk wkh qhjrwldwlrq wdnhv sodfh dqg wkh edujdlqlqj prgho1 Vhfwlrq
7 ghvfulehv wkh gdwd vhw1 Vhfwlrq 8 h{sodlqv wkh hfrqrphwulf vshflfdwlrq1 Wkh
uhvxowv ri wkh hpslulfdo dqdo|vlv duh suhvhqwhg lq Vhfwlrq 91 Ilqdoo|/ frqfoxvlrqv
duh lqfoxghg lq Vhfwlrq :1
51 Froohfwlyh Edujdlqlqj lq Vsdlq
Wkhuh duh wzr glhuhqw w|shv ri uhjxodwlrqv wkdw dhfw wkh surfhvv ri froohfwlyh
edujdlqlqj lq Vsdlq1 Rq wkh rqh kdqg/ wkhuh lv d ohjdo iudphzrun wkdw uhjx0
odwhv krz froohfwlyh edujdlqlqj kdv wr eh frqgxfwhg +vhh vxevhfwlrq 514,1 Rq wkh
rwkhu/ wkhuh duh vhyhudo ohjdo surylvlrqv wkdw frqvwudlq wkh rxwfrph ri froohfwlyh
edujdlqlqj +vhh vxevhfwlrq 515,1
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5141 Wkh Uxohv ri wkh Jdph
Lq Vsdlq/ froohfwlyh edujdlqlqj lv d zrunhu*v uljkw uhfrjql}hg e| wkh Zrunhu*v
Vwdwxwh +Oh| gho Hvwdwxwr gh orv Wudedmdgruhv/ OHW,4 vlqfh 4<;31 Lq rughu wr
h{huflvh wklv uljkw/ zrunhuv kdyh wr hohfw wkhlu uhsuhvhqwdwlyhv hyhu| irxu |hduv
dw wkh up ohyho1 Doo zrunhuv/ dqg qrw rqo| wkrvh ehorqjlqj wr xqlrqv/ fdq eh
hohfwhg> hyhq wkrxjk lq sudfwlfh/ pruh wkdq :3( ri doo wkh hohfwhg uhsuhvhqwdwlyhv
ehorqj wr hlwkhu rqh ri wkh wzr pdmru wudgh xqlrq frqihghudwlrqv= wkh vrfldolvw/
Xqlöq Jhqhudo gh Wudedmdgruhv +XJW,/ dqg wkh frppxqlvw/ Frplvlrqhv Reuhudv
+FFRR,1 Wkhvh zrunhu uhsuhvhqwdwlyhv duh wkh rqhv zkr/ wkhq/ qhjrwldwh zlwk
wkh hpsor|huv1 Doo djuhhphqwv wkdw duh wkh uhvxow ri froohfwlyh edujdlqlqj duh
hqirufhdeoh/ dqg dsso| wr doo zrunhuv zkhwkhu ru qrw wkh| ehorqj wr d xqlrq1
Wkh vwuxfwxuh ri froohfwlyh edujdlqlqj lv ghflghg e| wkh zrunhu uhsuhvhqwdwlyhv
+xqlrqv dqg zrunhuv* dvvrfldwlrqv,/ dqg hpsor|huv1 Lq sudfwlfh/ froohfwlyh edu0
jdlqlqj wdnhv sodfh dw wkuhh glhuhqw ohyhov= hfrqrp|0zlgh/ lqgxvwu| ohyho/ dqg
up0ohyho1 Hfrqrp|0zlgh djuhhphqwv gr qrw wdnh sodfh hyhu| |hdu1 Wkh djuhh0
phqwv uhdfkhg dw wkh lqgxvwu|0ohyho duh vxssrvhg wr eh hqirufhdeoh iru doo zrunhuv
dqg hpsor|huv lq wkdw lqgxvwu|1 Lq sudfwlfh/ wkh hhfwlyhqhvv ri wkh djuhhphqwv
uhdfkhg dw wkh lqgxvwu| ohyho lv qrw yhu| fohdu1 Wkh uhdvrq lv wkdw pdq| zrunhuv
wkdw gr qrw ehorqj wr dq| xqlrq duh hpsor|hg lq vpdoo upv1 Vlqfh wkh| kdyh
yhu| olwwoh lqirupdwlrq +li dq|, derxw wkh djuhhphqwv uhdfkhg dw wkh lqgxvwu| ohyho/
wkh| fdqqrw pdnh hpsor|huv frpso| zlwk wkhp1 Lq dq| fdvh/ durxqg :8( ri wkh
4Ri doo odzv uhjxodwlqj wkh oderu pdunhw/ wkh OHW lv wkh prvw lpsruwdqw1 Lw zdv uhiruphg lq
4<;7/ 4<<7 dqg 4<<:1
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zdjh0hduqhuv lq wkh sulydwh vhfwru duh fryhuhg e| froohfwlyh edujdlqlqj djuhhphqwv1
Ri doo wkrvh/ rqo| 48( duh fryhuhg e| djuhhphqwv uhdfkhg dw wkh up0ohyho1
Dw wkh up0ohyho/ wkh vwuxfwxuh ri froohfwlyh edujdlqlqj lv dv iroorzv1 Wkhuh
duh wzr pdlq sod|huv lq wkh qhjrwldwlrq= zrunhuv dqg hpsor|huv1 Dozd|v wkh
xqlrqv dqg2ru wkh zrunhuv* dvvrfldwlrqv/ uhsuhvhqwhg e| wkhlu hohfwhg zrun frxq0
flov/ pdnh d zdjh lqfuhdvh fodlp1 Wkh lqvwlwxwlrqdo vhwwlqj lv vxfk wkdw wkh up
pxvw frxqwhurhu lpphgldwho| +vhh Mlphqh}0Pduwðq/ 4<<<,1
Wkh uxohv hvwdeolvkhg wr holplqdwh doo frq lfwv ehwzhhq froohfwlyh edujdlqlqj
djuhhphqwv fdq eh hvwdeolvkhg e| hpsor|huv* dvvrfldwlrqv/ dqg zrunhuv* dvvrfld0
wlrqv dqg xqlrqv1 Lw lv lpsolflwo| dvvxphg wkdw wkh djuhhphqwv wkdw duh lq rs0
hudwlrq fdqqrw eh prglhg e| d qhz djuhhphqw1 Exw/ lq sudfwlfh/ wkhuh duh ihz
frq lfwv ehfdxvh hfrqrp|0zlgh djuhhphqwv duh rqo| hqirufhdeoh iru wkh vljqlqj
sduwlhv dqg djuhhphqwv dw wkh lqgxvwu|0ohyho duh frqvlghuhg dv wkh plqlpxp vwdq0
gdug dffhswhg iru wkh qhjrwldwlrq dw wkh up0ohyho1
Xqghu vrph flufxpvwdqfhv/ wkh Jryhuqphqw fdq h{whqg wkh djuhhphqwv wr d
up ru dq lqgxvwuldo vhfwru lq zklfk wkhuh lv qr froohfwlyh edujdlqlqj djuhhphqw
lq rshudwlrq/ ru wkhuh lv qr kljkhu0ohyho djuhhphqw zklfk dsso|1 Xvxdoo| wkh
Jryhuqphqw zrxog h{whqg wkh djuhhphqw ri d up ru lqgxvwuldo vhfwru wr dqrwkhu
up ru vhfwru wkdw hqmr|v vlplodu hfrqrplf flufxpvwdqfhv1 Wkh h{whqvlrq frxog
eh uhdol}hg li uhtxhvwhg e| wkh hpsor|huv ru wkh zrunhuv* uhsuhvhqwdwlyhv ri wkh
dhfwhg zrunhuv1
:
5151 Ohjdo Surylvlrqv Frqvwudlqlqj wkh Rxwfrph ri Froohfwlyh Edujdlq0
lqj
Wkhuh duh edvlfdoo| wzr ohjdo surylvlrqv wkdw frqvwudlqw wkh rxwfrph ri froohf0
wlyh edujdlqlqj= plqlpxp zdjh odzv dqg zrunlqj krxuv uhjxodwlrqv1 Wkh fxuuhqw
plqlpxp zdjh srolf| zdv lqwurgxfhg lq 4<961 Wkh srolf| frqvlvwv ri d vwdwxwru|
plqlpxp {hg dqqxdoo| e| wkh Jryhuqphqw1 Ehiruh {lqj wklv plqlpxp/ wkh
Jryhuqphqw frqvxowv zlwk hpsor|huv* dqg zrunhuv* dvvrfldwlrqv1 Wkh odz fdoov
iru d uhylhz ri wkh vwdwxwru| plqlpxp zdjh hyhu| vl{ prqwkv dqg zkhq Jryhuq0
phqw*v iruhfdvw lq dwlrq lv vxevwdqwldoo| glhuhqw wr dfwxdo lq dwlrq1 Dffruglqj
wr wkh OHW/ wkh Jryhuqphqw pxvw wdnh lqwr dffrxqw wkh iroorzlqj zkhq {lqj wkh
plqlpxp zdjh= frvw0ri0olylqj lqgh{/ surgxfwlylw| fkdqjhv/ wkh vkduh ri zrunhuv*
frpshqvdwlrq lq qdwlrqdo lqfrph/ dqg wkh fxuuhqw hfrqrplf vlwxdwlrq1 Lq sudf0
wlfh/ lq dwlrq lv wkh prvw lpsruwdqw ghwhuplqlqj idfwru1 Wklv plqlpxp lv elqglqj
dfurvv wkh hfrqrp| zlwkrxw glvwlqfwlrq e| rffxsdwlrq/ zrun vwdwxv ru frqwudfwxdo
uhodwlrqvkls zlwk wkh hpsor|hu> hyhq wkrxjk wkhuh lv d glhuhqfh ehwzhhq zrunhuv
djhg xqghu 4; dqg wkrvh djhg ryhu 4;1
Zrunlqj krxuv duh xvxdoo| {hg e| froohfwlyh edujdlqlqj djuhhphqwv dw wkh
lqgxvwu| dqg wkh up ohyhov1 Wkh pd{lpxp qxpehu ri qrupdo zrunlqj krxuv
shu zhhn lv vhw/ e| odz/ dw 73 krxuv1 Lq dgglwlrq/ wkh uhpxqhudwlrq ri wkh krxuv
zrunhg ryhuwlph lv dovr lqfoxghg lq froohfwlyh edujdlqlqj djuhhphqwv1 Rwkhu wkdq
wkdw/ wkhuh lv d orw ri  h{lelolw| lq wkh rujdql}dwlrq ri wkhvh zrunlqj krxuv/ dqg lw
lv xvxdoo| lqfoxghg lq wkh djuhhphqwv dv zhoo1
;
61 Wkh Prgho
Zh sursrvh d edujdlqlqj prgho zkhuh wkh vl}h ri wkh vxusoxv wr eh glylghg iroorzv
d vwrfkdvwlf surfhvv1 Wkh vlwxdwlrq zh dqdo|}h khuh lv wkh froohfwlyh qhjrwldwlrq
ehwzhhq wudgh xqlrqv dqg hpsor|hu rujdql}dwlrqv1 Wkh remhfw ri edujdlqlqj lv wkh
doorfdwlrq ri wkh fdnh/ l1h1 wkh doorfdwlrq ri upv* vxusoxv ehwzhhq zrunhuv dqg
hqwuhsuhqhxuv1
Wkhuhiruh/ lq rxu jdph zh rqo| frqvlghu wzr sod|huv= wudgh xqlrqv dqg hp0
sor|hu dvvrfldwlrqv1 Dowkrxjk wkh prgho fdq reylrxvo| eh h{whqghg wr dq| qlwh
qxpehu ri sod|huv/ wkh Vsdqlvk froohfwlyh qhjrwldwlrq lv vxfk wkdw wkhuh lv rqo|
rqh hpsor|hu dvvrfldwlrq dqg wzr pdlq xqlrqv wkdw/ zkloh qhjrwldwlqj dw wkh up
ohyho/ xvxdoo| dfw froohfwlyho|1 Wklv lv wkh uhdvrq zk| zh dvvxph wkdw zrunhuv dqg
hqwuhsuhqhxuv duh wkh rqo| sod|huv lq wkh jdph1 Lq zkdw iroorzv/ zh zloo ghqrwh
e| vxevfulsw e wkh hpsor|hu dvvrfldwlrq ru wkh hqwuhsuhqhxuv dqg e| vxevfulsw 
wkh wudgh xqlrqv ru wkh zrunhuv1 Ohw 7  -n eh d frpsdfw vhw ri srvvleoh vwdwhv
ri wkh zruog/ zkhuh d vwdwh r 5 7 uhsuhvhqwv wkh vxusoxv wr eh doorfdwhg/ dqg
ohw j ghqrwh d whpsrudoo| krprjhqhrxv Pdunry surfhvv zlwk vwdwh vsdfh 7 dqg
wudqvlwlrq suredelolw| glvwulexwlrq ixqfwlrq  Emr1 Zh zloo uhihu wr wkh vxusoxv
r 5 7 wkdw lv uhdol}hg lq shulrg | ' fc c A / dv d vwdwh Erc |1
Wkh lqvwlwxwlrqdo vwuxfwxuh ri wkh edujdlqlqj surfhgxuh zh frqvlghu khuh lv dv
iroorzv1 Xsrq wkh uhdol}dwlrq ri d vwdwh Erc |/ wkh wudgh xqlrqv +zrunhuv, pdnh d
sursrvdo/ l1h1 d vsolw ri wkh vxusoxv frqvlvwhqw rq d zdjh lqfuhdvh dqg vrph rwkhu
ehqhwv iru zrunhuv/ wr zklfk wkh hpsor|hu dvvrfldwlrq +hqwuhsuhqhxuv, uhvsrqgv
<
dffhswlqj ru uhmhfwlqj lw1 Li wkh hqwuhsuhqhxuv uhmhfw wkh rhu/ wkhq wkh| ehfrph
wkh sursrvhuv dqg pdnh d qhz rhu1 Wklv surfhvv frqwlqxrxv xqwlo dq djuhhphqw
lv uhdfkhg15
Dq rxwfrph ri wklv edujdlqlqj jdph lv E c / zkhuh  ghqrwhv wkh shulrgv
lq zklfk d sursrvdo lv dffhswhg/ dqg  lv d ihdvleoh doorfdwlrq ri wkh vxusoxv1
Hyhu| rxwfrph lpsolhv d sd|r qee iru wkh hqwuhsuhqhxuv dqg q

 iru wkh
zrunhuv/ zkhuh qe dqg q duh wkh glvfrxqw idfwruv iru hqwuhsuhqhxuv dqg zrunhuv
uhvshfwlyho|/ dqg e dqg  duh wkh ihdvleoh doorfdwlrq ri vxusoxv iru hqwuhsuhqhxuv
dqg zrunhuv/ uhvshfwlyho|1
Jlyhq wkdw doo qhjrwldwlrqv lq rxu gdwd vhw hqg lq d qlwh wlph/ rxu jdph lv
qlwh dv zhoo1 Wklv lpsolhv wkdw wkhuh lv d xqltxh vxejdph shuihfw sd|r wkdw lw lv
vwdwlrqdu|1 Krzhyhu/ vlqfh wkh xwlolw| lv olqhdu dqg wkh rxwfrph ri wkh fdnh lv lq
-n/ wkhuh dovr h{lvwv d xqltxh vxejdph shuihfw vwdwlrqdu| sd|r iru wkh lqqlwh
jdph16
Lq Phuor +4<<:, wkh vhw ri vwdwhv lq zklfk wkh sod|huv djuhh ghshqgv rqo| rq
wkh xqltxh glvfrxqw idfwru/ wkh fdnh ixqfwlrq dqg wkh Pdunry surfhvv/ dqg lw lv
lqghshqghqw ri wkh sursrvhu lq hdfk vwdwh1 Lq dgglwlrq/ wkh jdlqv wr d sod|hu iurp
ehlqj wkh sursrvhu lq d vwdwh lq zklfk djuhhphqw rffxuv duh lqghshqghqw ri zkr wkh
sursrvhu lv1 Wklv lv zkdw Phuor dqgZlovrq +4<<;, fdoo wkh vhsdudwlrq sulqflsoh iru
vwdwlrqdu| vxejdph shuihfw htxloleuld ri jhqhulf pxowlodwhudo vwrfkdvwlf edujdlqlqj
5Oderu pdunhw qhjrwldwlrqv riwhq hqg zlwkrxw djuhhphqw1 Wklv lv qrw wkh fdvh lq rxu gdwd vhw1
Iru vrph h{dpsohv lq zklfk qhjrwldwlrqv fdq euhdn grzq zlwkrxw djuhhphqw/ vhh Gðd}0Pruhqr
dqg Jdogöq0Väqfkh} +5333d dqg 5333e,1
6Fohduo|/ iru dq| glvfrxqw idfwru   pd{ ih> zj/ Frqglwlrq +F*, lq Phuor dqg Zlovrq
+4<<8, lv vdwlvhg1
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jdphv1
Wkh vhsdudwlrq sulqflsoh grhv qrw dsso| zkhq sod|huv kdyh glhuhqw glvfrxqw
idfwruv1 Dqdo|}lqj hpslulfdoo| wkh edujdlqlqj surfhvv lq wklv fdvh lpsolhv frqvlg0
hulqj h{solflwo| wkh vxffhvvlrqv ri rhuv dqg frxqwhurhuv wkdw hdfk ri wkh djhqwv
pdnh1 Wklv lv d pruh qdwxudo hqylurqphqw iru wkh edujdlqlqj vlwxdwlrqv wkdw
wdnh sodfh lq wkh oderu pdunhw1 Krzhyhu/ wkhuh duh vrph frvwv ri dvvxplqj wklv
vshflfdwlrq= wkh qhhg wr nqrz zkr lv wkh sursrvhu lq hyhu| vwdjh ri wkh qhjr0
wldwlrq dqg wkh orvw ri wkh vwrsslqj wlph surshuw| ri wkh jdph lpsolhg e| wkh
vhsdudwlrq sulqflsoh1
Wr fkdudfwhul}h wkh vxejdph shuihfw htxloleulxp/ zh xvh wkh idfw wkdw dw dq|
vwdjh lq zklfk djuhhphqw rffxuv/ wkh sursrvhu fdq h{wudfw iurp wkh rwkhu sod|hu
dq| vxusoxv lq h{fhvv ri lwv h{shfwhg sd|r iurp wkh ghod|lqj djuhhphqw xqwlo
qh{w shulrg1 Wkh vxejdph shuihfw sd|rv iru wkh sod|huv duh wkh xqltxh vroxwlrq
wr wkh iroorzlqj v|vwhp ri htxdwlrqv=
 Erc |c  ' 4@ 

r  Erc |c  c q
]
 Er
c |n c  _ Ermr

+614,
 Erc |c  ' q
]
 Er
c |n c  _ Ermr +615,
| ' A /  Erc A n c  ' f/ c  '
+
 '  dqg  ' e li | rgg
 ' e dqg  '  li | hyhq
zkhuh r ghqrwhv wkh qh{w shulrg vxusoxv dqg A lv wkh odvw shulrg ri wkh qhjrwldwlrq1
Khuh/ Erc |c  lv wkh sd|r wr sod|hu  zkhq sod|hu  lv wkh sursrvhu dqg wkh vwdwh
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lv Erc |/ dqg Erc |c  lv wkh sd|r wr sod|hu  lq vwdwh Erc | zkhq sod|hu  lv wkh
sursrvhu1 Wr uhdfk dq djuhhphqw/ wkh sursrvhu kdv wr rhu wr wkh rwkhu sduw| lwv
frqwlqxdwlrq ydoxh1 Wkh sursrvhu grhv vr li zkdw lw lv ohiw/ r Erc |c / lv eljjhu
wkdq lwv rzq frqwlqxdwlrq ydoxh1
71 Wkh Gdwd
Wkh gdwd zh xvh duh iurp wkh Qhjrfldflöq Frohfwlyd hq odv Judqghv Hpsuhvdv
+khuhdiwhu QFJH,/ d |hduo| Vsdqlvk vxuyh| rq edujdlqlqj lvvxhv1 Wkh QFJH sur0
ylghv gdwd rq edujdlqlqj rhuv/ wlplqj ri wkh qhjrwldwlrq/ vwulnh dfwlylw|/ zdjh
fkdqjhv dqg rwkhu yduldeohv/ iru doo wkrvh Vsdqlvk upv zlwk pruh wkdq 533 hp0
sor|hhv lq 4<:;/ |hdu lq zklfk wkh vxuyh| vwduwhg1
Ghvslwh wkh idfw wkdw wkh vxuyh| uxqv iurp 4<:;/ zh kdyh rqo| kdg dffhvv wr
wkh uhvxowv ri wkh 4<;; vxuyh|1 Wkhuhiruh/ wkh uhvxowv zh uhsruw khuh kdyh ehhq
rewdlqhg xvlqj wklv |hdu/ zklfk frqwdlqv gdwd rq froohfwlyh qhjrwldwlrqv iru upv
ehorqjlqj wr < glhuhqw hfrqrplf vhfwruv17 Iru wkh sxusrvh ri rxu h{huflvh/ wklv
|hdu suryhv wr eh hqrxjk1 Wkh uhvxowv vkrxog eh frqvlvwhqw li zh kdg xvhg doo wkh
|hduv dydlodeoh vlqfh wkh qhjrwldwlrq surfhvv kdv qrw fkdqjhg pxfk1
Zh frqvwuxfwhg rxu vdpsoh e| vhohfwlqj iurp wkh udz gdwd rqo| wkrvh upv wkdw
uhsruwhg lqirupdwlrq derxw wkh gxudwlrq ri wkhlu qhjrwldwlrqv1 Wklv phdqv wkdw zh
kdyh h{foxghg iurp rxu dqdo|vlv wkrvh upv wkdw glg qrw uhsruw lqirupdwlrq derxw
7Wkhuh duh 43 hfrqrplf vhfwruv lq wkh ruljlqdo gdwd vhw/ exw rqo| 5 upv zhuh vxuyh|hg lq wkh
djulfxowxudo vhfwru1 Wklv lv wkh uhdvrq zk| zh kdyh rqo| frqvlghu wkh < qrqdjulfxowxudo vhfwruv1
Lq dq| fdvh/ wkh lpsdfw ri wkhvh wzr gdwd rq wkh hvwlpdwlrq uhvxowv iru wkh glvfrxqw idfwruv lv
qhjoljleoh1
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wkh gdwh lq zklfk wkhlu qhjrwldwlrq vwduwv/ wkh gdwh lq zklfk wkhlu qhjrwldwlrq hqgv
ru erwk1 Pruhryhu/ zh holplqdwhg iurp wkh vdpsoh wkrvh xqlwv iru zklfk wkh gdwh
ri frqfoxvlrq ri wkh qhjrwldwlrqv dsshduv dv ehlqj suhylrxv wr wkh gdwh lq zklfk
wkh qhjrwldwlrq vwduwhg1 Zh dovr holplqdwhg wkrvh upv wkdw glg qrw uhsruw wkhlu
qxpehu ri zrunhuv1 Wdeoh 4 uhsruwv vrph vwdwlvwlfv uhjduglqj wkh vl}h ri wkh upv
dqg wkh gxudwlrq ri wkh qhjrwldwlrqv iru wkh 4<;; vxuyh|1
Wkh gdwd duh glvdjjuhjdwhg lq qlqh hfrqrplf vhfwruv +4 wr <,18 Wkh wrwdo
qxpehu ri upv lq rxu gdwd vhw lv 7;7 +878 qhjrwldwlrq xqlwv ru qhjrwldwlrqv,19
Wkh wrwdo qxpehu ri zrunhuv lq wkhvh upv lv 9:5/5591 Uhjduglqj wkh vl}h ri wkh
upv/ wkhlu dyhudjh vl}h lv 4/6;;1< zrunhuv1 Wkh eljjhvw up lq rxu vdpsoh kdv
85/;;< zrunhuv/ dqg wkh vpdoohvw 433 zrunhuv1: Uhjduglqj wkh gxudwlrq ri wkh
qhjrwldwlrqv/ wkh dyhudjh gxudwlrq shu qhjrwldwlrq xqlw lv 43715 gd|v/ ehlqj wkh
orqjhvw ri wkhvh qhjrwldwlrqv 4/559 gd|v dqg wkh vkruwhvw 4 gd|1
Wr vwxg| krz uhsuhvhqwdwlyh ri wkh Vsdqlvk hfrqrp| rxu vdpsoh lv/ zh dovr
frpsduh rxu gdwdedvh zlwk wkh 4<;; gdwd iru wkh zkroh Vsdqlvk hfrqrp|1 Wkh
uhvxowv ri wklv frpsdulvrq duh dydlodeoh lq Wdeoh 51 Wklv wdeoh frqwdlqv wkh lqgxv0
8Ghvfulswlrq ri vhfwruv= 4 @ Hqhuj| dqg zdwhu glvwulexwlrq/ 5 @ Plqlqj dqg fkhplfdov/ 6 @
Phwdo lqgxvwulhv/ 7 @ Qrq0gxudeoh pdqxidfwxulqj/ 8 @ Frqvwuxfwlrq/ 9 @ Wudgh/ : @ Wudqvsruw
dqg frppxqlfdwlrqv/ ; @ Ilqdqfh/ edqnlqj dqg vhuylfhv wr upv/ < @ Vrfldo dqg shuvrqdo
vhuylfhv1
9Wkh ruljlqdo gdwd vhw frqwdlqhg :4; upv +;48 qhjrwldwlrq xqlwv ru qhjrwldwlrqv,1 Iru vrph
upv/ wkhuh duh pruh wkdq rqh edujdlqlqj xqlw1 Vlqfh prvw ri wkh wlph wkh qhjrwldwlrq gxudwlrq
lv glhuhqw iru wkh glhuhqw qhjrwldwlrq xqlwv ri wkh vdph up/ zh nhsw dv pxfk edujdlqlqj xqlwv
dv srvvleoh iru rxu dqdo|vlv1 Wkh qxpehu ri qhjrwldwlrq xqlwv frlqflgh/ wkhuhiruh/ zlwk wkh wrwdo
qxpehu ri qhjrwldwlrqv1
:Hyhq wkrxjk rxu vxuyh| lqfoxghv doo upv zlwk pruh wkdq 533 zrunhuv/ lw dovr iroorzv upv
wkurxjk wlph1 Wkhuhiruh/ li d up uhgxfhv lwv qxpehu ri zrunhuv iurp rqh |hdu wr wkh qh{w/ wklv
grhv qrw qhfhvvdulo| phdq wkdw wkh up lv h{foxghg iurp wkh vxuyh|1
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wuldo glvwulexwlrq ri froohfwlyh qhjrwldwlrq dw wkh up ohyho lq 4<;; iru wkh QFJH
dqg wkh wrwdo hfrqrp|1 Wkh gdwd iru wkh zkroh hfrqrp| duh iurp wkh Erohwðq
gh Hvwdgðvwlfdv Oderudohv +Oderu Vwdwlvwlfv Exoohwlq/ EHO,/ d sxeolfdwlrq wkdw
frqwdlqv/ dprqj rwkhuv/ wkrvh Vsdqlvk oderu vwdwlvwlfv uhodwhg wr froohfwlyh qhjr0
wldwlrq1
Dv lw fdq eh vhhq/ wkh 878 qhjrwldwlrqv lq rxu gdwdedvh uhsuhvhqw durxqg 53( ri
wkh wrwdo up0ohyho qhjrwldwlrqv ri wkh hfrqrp| +5/:<3 qhjrwldwlrqv,1 Wkh qxpehu
ri zrunhuv dhfwhg lq rxu gdwdedvh/ 9:5/559/ uhsuhvhqwv durxqg wkh 96( ri wkh
wrwdo qxpehu ri zrunhuv dhfwhg e| up0ohyho djuhhphqwv +4/399/4;; zrunhuv,1
81 Hfrqrphwulf Vshflfdwlrq
Wkh suhglfwlrqv ri rxu edujdlqlqj prgho ghshqg rq wkh glvfrxqw idfwruv ri wkh
wzr sod|huv Eqec q/ wkh glvwulexwlrq ixqfwlrq  ghvfulelqj wkh vxusoxv surfhvv iru
hyhu| vhfwru/ dqg wkh whuplqdo gdwh ri wkh qhjrwldwlrq/ A 1 Wkhuhiruh/ zh dvvxph
wkdw zrunhuv dqg hqwuhsuhqhxuv luuhvshfwlyh ri wkhlu vhfwru kdyh wkh vdph glvfrxqw
idfwru/ l1h1 wkh glvfrxqw idfwru iru hdfk sod|hu lv lghqwlfdo dfurvv vhfwruv>; exw wkh
surfhvv iru wkh vxusoxv lv jurxs vshflf doorzlqj iru d glhuhqw whfkqrorj| lq hdfk
vhfwru1 Wkhvh duh wkh vwuxfwxudo frpsrqhqwv ri rxu prgho1
Vlqfh zh gr qrw revhuyh wkh vxusoxv ohyhov/ zh dvvxph wkdw wkh| duh jhqhudwhg
e| d glvwulexwlrq ixqfwlrq  ryhu wkh vhw/ 7 ' dfc So c 7S 	4/ ri srvvleoh rxwfrphv1
Wkhuhiruh zh pdnh 7 lghqwlfdo iru hdfk jurxs1 Zh dovr dvvxph d vshflf sdudphw0
;Lw grhv qrw vhhp vhqvleoh wr dvvxph wkdw wkh udwh ri wlph suhihuhqfh ghshqgv rq wkh vhfwru
lq zklfk shrsoh zrun1
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ulf ixqfwlrqdo irup iru Emr ' E +l1h1/ wkh vhtxhqfh ri vxusoxv ohyhov iru hdfk
vhfwru lv jhqhudwhg e| l1l1g1 gudzv iurp d frpprq glvwulexwlrq  , dqg ghulyh
pd{lpxp olnholkrrg hvwlpdwhv ri wkh vwuxfwxudo sdudphwhuv ri wkh prgho1
Vlqfh A4@ lv d vwurqjo| frqvlvwhqw hvwlpdwru ri A dqg frqyhujhv wr A dw d
idvwhu udwh E wkdq wkh pd{lpxp olnholkrrg hvwlpdwruv ri wkh rwkhu sdudphwhuvs


/ zh xvh A W ' A4@ dqg hvwlpdwh wkh uhvw ri wkh sdudphwhuv frqglwlrqdo rq
vxfk dq hvwlpdwh1< Xqghu wklv dvvxpswlrq/ jlyhq wkdw A W lv hyhq/ wkh vhtxhqfhv
ri vxusoxv ohyhov wkdw lqgxfh djuhhphqw iru wkh sursrvhu lq vhfwru c  ' b/
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li ? lv rgg
? ' A  2c / zkhuh ? lv wkh qhjrwldwlrq shulrg/ rW? lv wkh vxusoxv ohyho iru wkh
sursrvlqj sod|hu wkdw lqgxfh djuhhphqw lq wkh qhjrwldwlrq shulrg ? lq jurxs / _W?
lv wkh vxusoxv ohyho iru wkh rwkhu sod|hu wkdw lqgxfh djuhhphqw lq wkh qhjrwldwlrq
<Wklv lv wkh vdph uhvxow xvhg e| Phuor +4<<:, dqg Iolqq dqg Khfnpdq +4<;5,1
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shulrg ? lq vhfwru / dqg 7S lv wkh pd{lpxp ydoxh lq wkh vxssruw ri wkh glvwulexwlrq
ri 1
Jlyhq wkh vhtxhqfhv ri vxusoxv ohyhov wkdw lqgxfh djuhhphqw lq hdfk jurxs/ zh
fdq frqvwuxfw wkh olnholkrrg ixqfwlrq1 Ohw K Ec ?c  eh dq lqglfdwru ixqfwlrq wkdw
wdnhv ydoxh  li dq djuhhphqw lq ? lv uhdfkhg zkhq wkh wudgh xqlrq lv wkh sursrvhu
+? lv rgg, iru d qhjrwldwlrq lq d up ri vhfwru 1 Dqg lw wdnhv ydoxh f li wkhuh lv
d ghod| lq ? zkhq wkh sursrvhu lv  +? lv rgg, dqg wkh qhjrwldwlrq lv lq d up
ri vhfwru 1 Wkhq/ wkh suredelolw| wkdw wkh sod|huv zloo djuhh lq vwdwh Erc ? jlyhq
wkdw wkh| kdyh qrw djuhhg xs wr ?/ wkh sursrvhu lv / dqg wkh jurxs lv / lv=
h EK Ec ?c  ' *ghod| wr ?c r '
h

r 
]
Eq Er
c ? n c e n qee Er
c ?n c e _
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+815,
Vlploduo|/ wkh suredelolw| wkdw wkh sod|hu zloo ghod| djuhhphqw lq vwdwh Erc ?
jlyhq wkdw wkh| kdyh qrw djuhhg xs wr ?/ wkh sursrvhu lv / dqg wkh jurxs lv / lv=
h EK Ec ?c  ' f*ghod| wr ?c r '
h

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+816,
Qrwh wkdw wkh fdvh lq zklfk wkh hqwuhsuhqhxu lv wkh sursrvhu lv h{dfwo| v|pphwulfdo
wr wkh fdvh mxvw ghvfulehg1
Jlyhq wkh vpdoo qxpehu ri revhuydwlrqv zh kdyh/ zh dvvxph d vlpsoh irup iru
 wkdw ghshqgv rqo| lq wzr sdudphwhuv/ k dqg 7S1 Wkh vshflf irup zh fkrrvh lv
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surfhvv iru ?  shulrgv lq vhfwru  iroorzhg e| dq djuhhphqw zkhq wkh sursrvhu
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dqg/ vlploduo|/ wkh suredelolw| ri revhuylqj d qhjrwldwlrq surfhvv iru ? shulrgv
iroorzhg e| qr djuhhphqw ehfrphv=
h EK Ec ?c & ' f*ghod| wr ?c r ' ?3|'
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+818,
Wkh +orj,olnholkrrg ixqfwlrq lv rewdlqhg e| vxpplqj wkh orjv ri wkh uljkw
kdqg vlgh ri +817, dqg +818, ryhu doo wkh hohphqwv ri wkh vdpsoh1 Wkh sdudphwhuv
wr hvwlpdwh duh q/ qe dqg k/  ' b1 Hyhq wkrxjk 7S dsshduv lq htxdwlrqv
+817, dqg +818,/ lw lv mxvw d vfdoh idfwru dqg lw grhv qrw dsshdu lq wkh olnholkrrg
ixqfwlrq1
91 Uhvxowv
Wkh hvwlpdwhg sdudphwhuv ri rxu prgho duh uhsruwhg lq Wdeoh 61 Wkh uvw wklqj
wr eh qrwlfhg lv wkh ydoxh ri wkh glvfrxqw idfwruv1 Wkh ydoxh iru qe lv 1<9556 dqg
iru q lv 1<897:1 Wkhvh kljk ydoxhv duh qrw vxusulvlqj jlyhq wkdw wkh wlph shulrg
lq rxu prgho lv d zhhn1 Dq lpsruwdqw txhvwlrq/ dv zh kdyh douhdg| srlqwhg rxw/
lv wkh h{lvwhqfh ri glhuhqfhv lq wkh ydoxh ri wkh glvfrxqw idfwruv/ vlqfh wklv glhu0
hqfhv dhfw wkh uhodwlyh edujdlqlqj srzhu ri wkh djhqw dqg dovr wkh frpsxwdwlrqdo
4:
exughq ri wkh prgho*v vroxwlrq1 Dv lw fdq eh vhhq dw d jodqfh/ erwk ydoxhv duh
yhu| forvh1 Zh whvwhg wkh k|srwkhvlv ri qe ' q dqg zhuh xqdeoh wr uhmhfw lw1
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Wkh qh{w vwhs lv wkh dqdo|vlv ri wkh vhfwru vshflf sdudphwhuv/ k1 Wkh| wdnh
glhuhqw ydoxhv wkdw udqjh iurp wkh kljkhvw ri 1449:3 iru k2 +plqlqj dqg fkhpl0
fdo,/ wr wkh orzhvw ri 1356<6 iru kH +qdqfh/ edqnlqj dqg vhuylfhv wr upv,1 Wkhuh
duh yh kr zlwk ydoxhv eljjhu wr 14/ dqg wkh| duh wkrvh fruuhvsrqglqj wr vhfwruv
5 +plqlqj dqg fkhplfdov,/ 6 +phwdo lqgxvwulhv,/ 7 +qrq0gxudeoh pdqxidfwxulqj, 9
+wudgh, dqg < +vrfldo dqg shuvrqdo vhuylfhv,1 Wkh uhpdlqlqj irxu vhfwruv udqjh eh0
wzhhq wkh diruhphqwlrqhg orzhvw ydoxh ri vhfwru ; dqg wkh ydoxh ri 13:85; rewdlqhg
e| vhfwru : +wudqvsruw dqg frppxqlfdwlrqv,1
Li zh frpsduh wkh ydoxhv ri k lq Wdeoh 6 zlwk wkrvh ri wkh dyhudjh qhjrwldwlrq
gxudwlrq lq Wdeoh 4/ zh revhuyh d fohdu lqyhuvh uhodwlrq ehwzhhq erwk1 Wkh orqjhu
wkh dyhudjh qhjrwldwlrq gxudwlrq/ wkh vpdoohu wkh ydoxh ri k1 Wklv lv qrw vxusulvlqj
vlqfh d orz k lpsolhv d glvwulexwlrq ri vxusoxv ohyhov vnhzhg wrzdug }hur/ dqg
wkhuhiruh wkh suredelolw| glvwulexwlrq sxwv pruh pdvv lq orz ohyhov ri vxusoxv1 Lq
wklv zd|/ orqjhu qhjrwldwlrqv duh qhhghg lq rughu wr jhw d ohyho ri vxusoxv kljk
hqrxjk wr lqgxfh dq djuhhphqw1
Lw vhhpv wkdw lq wkrvh vhfwruv lq zklfk wkh ehqhwv lqfuhdvhg rq dyhudjh pruh
wkdq 83( lq 4<;:/ l1h1 wkh |hdu ehiruh rxu qhjrwldwlrqv wrrn sodfh/ wkh gxudwlrq ri
wkh qhjrwldwlrq zdv vkruwhu +vhh Plqlvwhulr gh Hfrqrpðd | Kdflhqgd/ 4<;<,1 Wklv
lv wkh fdvh iru plqlqj dqg fkhplfdov +;31:( lqfuhdvh,/ qrq0gxudeoh pdqxidfwxulqj
+8:1;( lqfuhdvh,/ shuvrqdo vhuylfhv +45918( lqfuhdvh, dqg wudgh +83( lqfuhdvh,1
43+5+oq mOUm  oq mOX m, @ =3338,1
4;
Hyhq wkrxjk wklv lv qrw wkh rqo| uhdvrq zk| vrph qhjrwldwlrqv duh vkruwhu wkdq
rwkhuv/ lw fdq eh dq lqglfdwru iru kljk ydoxhv ri k/ ru d kljk suredelolw| ri jhwwlqj
d kljk ohyho ri vxusoxv lq vkruwhu qhjrwldwlrqv1
Wdeoh 7 uhsruwv hylghqfh rq wkh w ri wkh prgho wr wkh gdwd1 Lw frpsduhv wkh
ghqvlw| ixqfwlrq ri wkh qhjrwldwlrq gxudwlrq suhglfwhg iru wkh prgho djjuhjdwlqj
e| vhfwruv/ zhljkwlqj hyhu| vhfwru e| lwv uhodwlyh iuhtxhqf|/ wr wkh mrlqw hpslulfdo
ghqvlw|144 Zh xvh wklv surfhgxuh vlqfh/ ri frxuvh/ wkh prgho grhv qrw jlyh dq|
lqirupdwlrq rq wkh qxpehu ri upv lq hdfk vhfwru1 Lq wklv wdeoh zh uhsruw vrph ri
wkh 4:9 gdwd ri wkh hpslulfdo pdujlqdo ghqvlw| dqg wkh ghqvlw| zh kdyh frqvwuxfwhg
vlqfh zh wklqn wklv lv hqrxjk wr dssuhfldwh wkh jrrg w ri wkh prgho1 Wkh 2 whvw
frqupv wklv idfw145 Dv lw fdq eh vhhq lq Wdeoh 7/ wkh 2 whvw grhv qrw uhmhfw wkh
prgho iru dq| vljqlfdqfh ohyho1 Iljxuh 4 frqupv wkh shuirupdqfh ri wkh prgho
zkhq frpsduhg wr wkh revhuyhg gxudwlrq gdwd1
Lw lv dovr lqwhuhvwlqj wr frpsduh wkh shuirupdqfh ri wkh prgho e| hfrqrplf
vhfwruv1 Iljxuhv 5 wr 43 vkrz wkh shuirupdqfh ri wkh prgho zkhq frpsduhg wr
44Wkh ghqvlw| ixqfwlrq ri wkh qhjrwldwlrq gxudwlrq suhglfwhg e| wkh prgho lv=
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Zkhuh ql lv wkh qxpehu ri qhjrwldwlrqv lq vhfwru l dqg Q lv wkh wrwdo qxpehu ri qhjrwldwlrqv1
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zkhuh i lv wkh hpslulfdo ghqvlw| ixqfwlrq ri qhjrwldwlrq wlphv dqg i lv wkh pd{lpxp olnholkrrg
hvwlpdwh1 Q lv wkh wrwdo qxpehu ri revhuydwlrqv dqg W @ 4:91 Wkh ghjuhhv ri iuhhgrp duh dq
xsshu erxqg vlqfh zh gr qrw wdnh lqwr dffrxqw wkdw wkh sdudphwhuv lq wkh prgho duh hvwlpdwhg1
4<
wkh revhuyhg gxudwlrq gdwd iru hdfk vhfwru1 Ghvslwh wkh idfw wkdw e| rxu hfrqr0
phwulf vshflfdwlrq wkh pdujlqdo ghqvlwlhv suhglfwhg e| wkh prgho kdyh wkh vdph
vxssruw wkdq wkh pdujlqdo ri vhfwru ;/ zkhuh wkh orqjhvw qhjrwldwlrq wrrn sodfh/
wkh dgmxvwphqw lv txlwh jrrg1 Rqh h{fhswlrq lv vhfwru < +vhh Iljxuh 43,/ exw wkh
qxpehu ri qhjrwldwlrqv wkdw rxu gdwd vhw uhsruwv iru wklv vhfwru lv yhu| orz1 Doorz0
lqj lq wkh hvwlpdwlrq iru vhfwru vshflf whuplqdo gdwhv iru wkh qhjrwldwlrq zrxog
juhdwo| lqfuhdvh wkh dgmxvwphqw ri wkh pdujlqdo ghqvlw| ri hdfk vhfwru/ exw dw wkh
wkhruhwlfdo frvw ri dvvxplqj wkdw wkh edujdlqlqj jdphv sod|hg dw hdfk vhfwru duh
glhuhqw1
Lw zrxog eh lqwhuhvwlqj wr frpsduh rxu vwuxfwxudo hvwlpdwhv wr rwkhu oderu
pdunhw qhjrwldwlrq dqdo|vlv ri wklv vruw/ exw zh kdyh qrw irxqg dq| frpsdudeoh
vwxglhv1 Lq d suhylrxv sdshu +vhh Gðd}0Pruhqr dqg Jdogöq0Väqfkh}/ 5333d,/ zh
irxqg d kljkhu ydoxh iru q +413<63,1 Wkh edujdlqlqj prgho lq wklv fdvh kdg
rqo| rqh glvfrxqw idfwru dqg zdv hvwlpdwhg xvlqj d pxfk vkruwhu gdwd edvh rq
froohfwlyh qhjrwldwlrq ri hfrqrp|0zlgh djuhhphqwv lq Vsdlq1 D pxfk orzhu ydoxh
+1975, lv irxqg lq Phuor +4<<:, iru d vlplodu prgho exw xvlqj gdwd ri qhjrwldwlrq
iru jryhuqphqw irupdwlrq lq Lwdo|1
Rxu hvwlpdwhg ydoxhv ri q duh forvhu wr wkh ydoxhv xvxdoo| irxqg lq wkh g|qdplf
pdfurhfrqrplf olwhudwxuh1 Wklv lv frqvlvwhqw zlwk wkh idfw wkdw Phuor*v djhqwv duh
Lwdoldq srolwlfldqv dqg rxu djhqwv duh zrunhuv dqg hqwuhsuhqhxuv/ wkh vdph w|sh
ri djhqwv wkdw duh irxqg lq wkh pdfurhfrqrplf olwhudwxuh1 Lq vslwh ri wklv/ li zh
frpsduh rxu ydoxhv zlwk wkrvh xvhg lq wkh Uhdo Exvlqhvv F|fohv +UEF, olwhudwxuh
+l1h1 d txduwhuo| ydoxh ri 1<;:3 txduwhuo|/ zklfk lpsolhv d zhhno| ydoxh ri 1<<<3/
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vhh Frroh| dqg Suhvfrww/ 4<<8, wkh| duh vwloo orzhu1
:1 Frqfoxvlrqv
Wkh h{lvwhqfh ri ghod|v lv rqh ri wkh prvw lpsruwdqw ihdwxuhv ri froohfwlyh edu0
jdlqlqj1 Lq frqwudvw zlwk wkh wudglwlrqdo ylhz edvhg rq sulydwh lqirupdwlrq/ zh
kdyh vkrzq wkdw d edujdlqlqj prgho zlwk frpsohwh lqirupdwlrq dqg d vwrfkdvwlf
surfhvv iru wkh vxusoxv wr eh glylghg dprqj wkh sod|huv/ yhu| pxfk rq wkh vslulw
ri wkh surgxfwlylw| vkrfn wkdw jhqhudwhv exvlqhvv f|fohv lq wkh UEF olwhudwxuh/
fdq h{sodlq dw ohdvw sduw ri wklv lvvxh1
Lq wklv zd|/ wkh gxudwlrq gdwd vkrz d yhu| jrrg fruuhvsrqghqfh zlwk wkh
suhglfwlrqv ri wkh prgho uhjdugohvv ri wkh olplwdwlrqv lpsrvhg e| wkh sdudphwulf
vshflfdwlrq dgrswhg1 Lq dgglwlrq/ wkh sdudphwhu ydoxhv duh lq wkh olqh ri wkrvh
irxqg lq wkh g|qdplf pdfurhfrqrplf olwhudwxuh1
Dq lpsruwdqw txhvwlrq dgguhvvhg e| ri rxu prgho lv wkh uhodwlyh edujdlqlqj
srzhu ri zrunhuv dqg hqwuhsuhqhxuv1 Dqdo|}lqj hpslulfdoo| wkh edujdlqlqj surfhvv
lq wkh fdvh zh vwxg| lpsolhv frqvlghulqj h{solflwo| wkh vxffhvvlrqv ri rhuv dqg
frxqwhurhuv wkdw hdfk ri wkh djhqwv pdnhv1 Exw wklv doorzv xv wr hvwlpdwh glhuhqw
glvfrxqw idfwruv iru hyhu| sod|hu zklfk lv d phdvxuh ri wkhlu edujdlqlqj srzhu1 Wkh
hvwlpdwhg ydoxhv ri wkh glvfrxqw idfwruv ri zrunhuv dqg hqwuhsuhqhxuv duh yhu|
vlplodu1 Wkhuhiruh/ wkh wudglwlrqdo ylhz wkdw hqwuhsuhqhxuv kdyh pruh edujdlqlqj
srzhu ehfdxvh wkh| frqwuro wkh uhvrxufhv zkloh wkh zrunhuv ghshqg rq wkhlu zdjhv
grhv qrw vhhp wr zrun lq wklv hqylurqphqw1
Wkh wkhruhwlfdo irupxodwlrq frqwdlqv vrph vlpsoli|lqj dvvxpswlrqv/ dqg wkh
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vhqvlwlylw| ri wkh uhvxowv wr wkrvh dvvxpswlrqv lv dq lpsruwdqw lvvxh |hw wr eh
dgguhvvhg1 Lq wklv vhqvh/ rxu uhvxowv kdyh wr eh wdnhq fduhixoo|> exw lq rxu ylhz/
qr ohvv wkdq wkrvh qrw edvhg lq d vwuxfwxudo dssurdfk1 Zh wklqn wkh sdshu lv dq
lpsruwdqw vwhs lq eulqjlqj vhtxhqwldo edujdlqlqj prghov wr wkh gdwd dqg vkrz
wkh xvhixoqhvv ri vwuxfwxudo hvwlpdwlrq dv d wrro wr xqghuvwdqg wkh ixoo vhw ri
lpsolfdwlrqv ri jhqhudo edujdlqlqj prghov1
Uhihuhqfhv
^4` Fdug/ G1 +4<<3,/ Vwulnhv dqg Edujdlqlqj= D Vxuyh| ri wkh Uhfhqw Hpslulfdo
Olwhudwxuh/ Dphulfdq Hfrqrplf Uhylhz +DHD Sdshuv dqg Surfhhglqjv,/ ;3/
7430481
^5` Fdug/ G1 +4<<9,/ Wkh Hhfw ri Xqlrqv rq wkh Vwuxfwxuh ri Zdjhv= D Orqjl0
wxglqdo Dqdo|vlv/ Hfrqrphwulfd/ 97+7,/ <8:0:<1
^6` Frroh|/ W1 dqg H1 Suhvfrww +4<<8,/ Hfrqrplf Jurzwk dqg Exvlqhvv F|fohv/
lq Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk/ W1 Frroh| hg1/ Sulqfhwrq Xqlyhuvlw|
Suhvv1
^7` Fudpswrq/ S1F1/ P1 Jxqghuvrq dqg M1V1 Wudf| +4<<<,/ Wkh Hhfw ri Froohf0
wlyh Edujdlqlqj Ohjlvodwlrq rq Vwulnhv dqg Zdjhv/ Uhylhz ri Hfrqrplfv dqg
Vwdwlvwlfv/ ;4 +6,/ 7:80;:1
^8` Fudpswrq/ S1F1 dqg M1V1 Wudf| +4<<5,/ Vwulnhv dqg Krogrxwv lq Zdjh Edu0
jdlqlqj= Wkhru| dqg Gdwd/ Dphulfdq Hfrqrplf Uhylhz/ ;5/ 4330541
^9` Fudpswrq/ S1F1 dqg M1V1 Wudf| +4<<7,/ Zdjh Edujdlqlqj zlwk Wlph0Ydu|lqj
Wkuhdwv/ Mrxuqdo ri Oderu Hfrqrplfv/ 45/ 8<7094:1
^:` Gðd}0Pruhqr/ F1 dqg M1H1 Jdogöq0Väqfkh} +5333d,/ Froohfwlyh Edujdlqlqj
xqghu Shuihfw Lqirupdwlrq1 Wkh Qhjrwldwlrq ri Hfrqrp|0Zlgh Djuhhphqwv/
Orqgrq Vfkrro ri Hfrqrplfv pdqxvfulsw1
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^;` Gðd}0Pruhqr/ F1 dqg M1H1 Jdogöq0Väqfkh} +5333e,/ Dq Hvwlpdeoh Vwrfkdv0
wlf Prgho ri Vhtxhqwldo Edujdlqlqj zlwk Frpsohwh Lqirupdwlrq dqg Qrq0
wudqvihudeoh Xwlolw|/ Orqgrq Vfkrro ri Hfrqrplfv pdqxvfulsw1
^<` Hfnvwhlq/ ]1 dqg N1L1 Zroslq +4<<8,/ Gxudwlrq wr Iluvw Mre dqg wkh Uhwxuq
wr Vfkrrolqj= Hvwlpdwhv iurp d Vhdufk0Pdwfklqj Prgho/ Uhylhz ri Hfrqrplf
Vwxglhv/ 95/ 5960;91
^43` Iolqq/ F1 dqg M1M1 Khfnpdq +4<;5,/ Qhz Phwkrgv iru Dqdo|}lqj Vwuxfwxudo
Prghov ri Oderu Irufh G|qdplfv/ Mrxuqdo ri Hfrqrphwulfv/ 4;/ 44809;1
^44` Ihuqdqgh}/ U1 dqg M1 Jod}hu +4<<4,/ Vwulnlqj iru d Edujdlq ehwzhhq Wzr
Frpsohwho| Lqiruphg Djhqwv/ Dphulfdq Hfrqrplf Uhylhz/ ;4/ 5730851
^45` Jx/ Z1 dqg S1 Nxkq +4<<;,/ D Wkhru| ri Krogrxwv lq Zdjh Edujdlqlqj/
Dphulfdq Hfrqrplf Uhylhz/ ;;/ 75;07<1
^46` Kdoohu/ K1 dqg V1 Kroghq +4<<3,/ D Ohwwhu wr wkh Hglwru rq Zdjh Edujdlqlqj/
Mrxuqdo ri Hfrqrplf Wkhru|/ 93/ 5650691
^47` Mlphqh}0Pduwðq/ V1 +4<<<,/ Frqwuroolqj iru Hqgrjhqhlw| ri Vwulnh Yduldeohv lq
wkh Hvwlpdwlrq ri Zdjh Vhwwohphqw Htxdwlrqv/ Mrxuqdo ri Oderu Hfrqrplfv/
4: +6,/ 8;609391
^48` Mlphqr/ M1I1 dqg O1 Wrkduld +4<<7,/ Xqhpsor|phqw dqg Oderxu Pdunhw Ioh{0
lelolw|= Vsdlq/ Lqwhuqdwlrqdo Oderxu R!fh/ Jhqhyd1
^49` Nhqqdq/ M1 dqg U1E1 Zlovrq +4<<6,/ Edujdlqlqj zlwk Sulydwh Lqirupdwlrq/
Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 64/ 7804371
^4:` Nhqqdq/ M1 dqg U1E1 Zlovrq +4<;<,/ Vwudwhjlf Edujdlqlqj Prghov dqg Lqwhu0
suhwdwlrq ri Vwulnh Gdwd/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 7 +vxsso> Ghf1,/
V;:0V4631
^4;` Phuor/ D1 +4<<:,/ Edujdlqlqj Ryhu Jryhuqphqwv lq d Vwrfkdvwlf Hqylurqphqw/
Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 438/ Qr1 4/ 4340641
^4<` Phuor/ D1 dqg F1 Zlovrq +4<<;,/ H!flhqw Ghod|v lq d Vwrfkdvwlf Prgho ri
Edujdlqlqj/ pdqxvfulsw/ Hfrqrplf Wkhru|/ 44/ 6<0881
56
^53` Phuor/ D1 dqg F1 Zlovrq +4<<8,/ D Vwrfkdvwlf Prgho ri Vhtxhqwldo Edujdlqlqj
zlwk Frpsohwh Lqirupdwlrq/ Hfrqrphwulfd/ yro1 96/ Qr1 5/ 6:40<<1
^54` Plqlvwhulr gh Hfrqrpðd | Kdflhqgd +4<;<,/ Od Qhjrfldflöq Frohfwlyd hq odv
Judqghv Hpsuhvdv hq 4<;;1 Sulqflsdohv fdudfwhuðvwlfdv hfrqöplfdv/ Gluhfflöq
Jhqhudo gh Sroðwlfd Hfrqöplfd/ Plqlvwhulr gh Hfrqrpðd | Kdflhqgd/ Pdgulg1
^55` Rqgulfk/ M1L1 dqg M1I1 Vfkqhoo +4<<6,/ Vwulnh gxudwlrq dqg wkh Ghjuhh ri
Glvdjuhhphqw/ Lqgxvwuldo uhodwlrqv/ 65 +6,/ 7450641
^56` Rveruqh/ P1M1 dqg D1 Uxelqvwhlq +4<<3,/ Edujdlqlqj dqg Pdunhwv1 Vdq Glhjr=
Dfdghplf Suhvv1
^57` Vdnrylfv/ M1 +4<<6,/ Ghod| lq Edujdlqlqj Jdphv zlwk Frpsohwh Lqirupdwlrq/
Mrxuqdo ri Hfrqrplf Wkhru|/ 8</ :;0<81
^58` ydq Rxuv/ M1F1 dqg U1I1 ydq gh Zlmqjdhuw +4<<9,/ Krogrxwv dqg Zdjh Qh0
jrwldwlrqv lq wkh Qhwkhuodqgv/ Hfrqrplfv Ohwwhuv/ 86/ ;60;;1
^59` Zroslq/ N1L1 +4<;:,/ Hvwlpdwlqj d Vwuxfwxudo Vhdufk Prgho= Wkh Wudqvlwlrq
iurp Vfkrro wr Zrun/ Hfrqrphwulfd/ 88/ ;3404:1
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Wdeoh 41 Vrph QFJH Vwdwlvwlfv/ 4<;;
Qxpehu ri Qxpehu ri Zrunhuv Qhjrwldwlrq Gxudwlrq +gd|v,5
Vhfwru Ilupv Wrwdo Dyhudjh Pd{lpxp Plqlpxp Dyhudjh Pd{lpxp Plqlpxp
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4878 qhjrwldwlrq xqlwv1
5 Gdwd rq qhjrwldwlrq gxudwlrq uhihuv wr qhjrwldwlrq xqlwv1 Vhh Wdeoh 5 ehorz +qxpehu ri qhjrwldwlrqv,1
Wdeoh 51 Lqgxvwuldo Glvwulexwlrq ri Froohfwlyh Qhjrwldwlrq lq 4<;;
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Figure 1: Density Functions
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Figure 2: Distribution Functions for Sector 1
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Figure 3: Distribution Functions for Sector 2
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Figure 4: Distribution Functions for Sector 3
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Figure 5: Distribution Functions for Sector 4
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Figure 6: Distribution Functions for Sector 5
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Figure 7: Distribution Functions for Sector 6
periods
data  
model 
0 50 100 150 200
0
0.5
1
Figure 8: Distribution Functions for Sector 7
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Figure 9: Distribution Functions for Sector 8
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Figure 10: Distribution Functions for Sector 9
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